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Abstract 
The objective of this research was to provide hydrological and stable isotopic information to figure out the characteristics of 
surface water and groundwater in Cu Lao Dung (CLD) Island, a coastal area in the Mekong Delta, South of Vietnam. Water 
samples were collected in March 2013 during the driest period of the year. The basic tracing elements of water showed that 
groundwater was characterized by fresh water of Ca-HCO3 type, whilst almost river and canal water samples were categorized in 
saline water of Na-Cl type. Groundwater is only fresh water source for drinking purpose in this area, because river and canal 
water cannot be used for that due to serious seawater intrusion. Moreover, the results of inorganic solute concentration and stable 
isotopic compositions suggest that currently, interaction between river/canal water and groundwater may not occur in CLD 
Island. This implies that main recharge areas of the groundwater seem to be located outside of the CLD Island. For sustainable 
groundwater pumping, an appropriate management is necessary in the coastal areas in the Mekong Delta; more investigation, not
only in small areas but also in large scale of Mekong Delta, is needed.  
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1. Introduction  
Water, the vital element in all aspects of life on Earth, plays an extremely important role for human being, socio-
economic development and the existence of ecosystems. Currently, water is considered as an emergency resource 
due to negative effects of climate change, rapid population growth, urbanization, inappropriate use and unsustainable 
management in many countries all over the world [1]. In coastal regions, water resources are frequently affected by 
various complicated factors, such as population growth coupled with process of urbanization, seawater intrusion, 
wastewater without proper treatment, overexploitation and unsustainable management [2]. These factors can be 
taken as main causes of environmental degradation and fresh water scarcity in the world`s coastal areas. Naturally, 
water resources interact frequently together [3],[4]. In other words, if one of them is polluted, it may be a threat to 
another. In order to use and manage water resources sustainably, it is necessary to consider not only surface water 
but also groundwater source as an important component of water cycle. Therefore, understanding the chemical 
characteristics of surface water and groundwater is fundamental to develop the sustainable water resources 
management and policy. 
In Mekong Delta, groundwater has been used for domestic, industrial, agricultural and aquaculture purposes for 
more than 100 years [5]. Groundwater has been exploited dominantly since 1990s due to the United Nations 
Children's Fund (UNICEF) installed many private tube-wells for local residents in the entire area of  Mekong Delta 
[6]. The groundwater becomes a crucial fresh water, meeting water demand of human activities in coastal areas, 
whereas, surface water resource has been facing many serious problems, such as acid sulfate soil, diffuse pollutants 
in the wet weather and salt intrusion during the dry season [7]. Additionally, the decline of water discharge due to 
the development of hydropower in the upstream part of Mekong River Basin leads to seawater intrusion more severe 
in Mekong delta, particularly in coastal areas [8]. This fact makes groundwater become more important fresh water 
source for local residents in coastal areas.  
The study area, a coastal watershed, was located at Cu Lao Dung (CLD) Island, Soc Trang province, South of 
Vietnam. CLD Island is strongly affected by seawater intrusion in the dry season from January to May annually and 
flooded in the rainy season. Further, the Island is influenced by tidal surge and tropical monsoon regime due to flat 
elevation itself. As a result, water quantity and quality in CLD Island and other coastal areas of Mekong Delta are 
affected by intricate factors, including saline water from East Sea and flooding from upstream of Mekong River 
basin. In addition to natural factors, groundwater source is exploited intensively and the usage practice has not been 
taken into account of sustainable management. Therefore, this research aimed to understand and figure out chemical 
characteristics of groundwater and surface water in a coastal watershed. This information will be essential to optimal 
use and sustainable management of the water resources in coastal watershed, particularly in context of overdraft of 
groundwater resource, effects of climate change and sea levels rise.  
2. Study Area 
Cu Lao Dung Island (CLD), a coastal district of Soc Trang province, Southeast Vietnam, covers an area of 249.20 
km2. It is located at the mouth of Hau River and faces directly to the East Sea. CLD Island was formed by the 
alluvial process of Lower Mekong River [9]. The Island is relatively small and surrounded by two coastal estuaries 
of Hau River, namely Dinh An and Tran De as shown in Fig.1. CLD Island is a home to eight communes, including 
An Thanh 1, An Thanh Tay,  An Thanh Dong, An Thanh 2, An Thanh 3, Dai An 1, An Thanh Nam and Cu Lao 
Dung town. The total population in 2009 was estimated approximately 63,000 people, in which Kinh (or Viet) was 
the major ethnicity, while Khmer (ethnic Cambodians), Hoa (Chinese) were the minor groups [10]. In CLD Island, 
groundwater is a primary fresh water supply source with 80% people who use groundwater for domestic, 
agricultural, aquaculture and industrial purposes because surface water cannot be used for those purposes due to 
seawater intrusion around the year. Around 20% of fresh water demand is supplied by river and rainwater in the 
rainy season when river water at some parts of the Island is not affected by seawater. CLD Island is modulated by 
strong tropical monsoon regime with two different monsoonal seasons. In wet season, the Island's climate is in high 
temperature and humid. It is influenced by the Southwest monsoon, bringing more than 85% amount of annual 
rainfall. Meanwhile, the Northeast monsoon dominates in dry season from November to April with dry air, low 
humidity and account for 15% yearly rainfall. The average temperature in CLD Island is 26.80C with average 
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relative humidity of 84%. The annual precipitation of the Island is 1,772mm; the dry season lasts from January to 
April 2012 [11]. The tidal surge is one of the main factors affecting water quality at CLD Island, especially, when 
river water levels decreases in the dry season.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Location of water samples and hydrogeological cross section B-B' at CLD Island, Soc Trang 
province, Southern Vietnam. 
3. Materials and Methods 
3.1. Questionnaires 
In the field survey, we conducted household interviews with approximately 400 participants involved in this 
work. The aim of interviews was to provide general information on water supply sources and daily water use. The 
main contents of questionnaires included the characteristics of wells, such as the depth and diameter of well, water 
quality (smell, taste, color), daily water use, water accessibility (how they could access to fresh water sources) and 
the situation of water resources management practice in CLD Island.  
3.2. Field Survey and Water Samples  Analysis 
The field investigation and sampling of river, canal and groundwater (Fig. 1) were performed in dry season in 
2013. Totally, 37 water samples were stored in 100ml bottles, including 22 groundwater samples from private tube-
wells at qh23 aquifer (Fig. 5) as a preferable aquifer for exploiting groundwater with depth of well ranges from 80m 
to 130m under land surface, 8 river water samples along Hau river to the East sea and 7 canal water samples in CLD 
Island. Main parameters of water samples, such as groundwater levels, pH, Dissolved Oxygen (DO), Electrical 
Conductivity (EC), Total dissolved solids (TDS) were on-site measured using portable meters. Surface water and 
groundwater were sampled , brought to the laboratory, filtered and analyzed for determining main ion compositions 
including major cations (sodium, potassium, calcium, magnesium) and  major anions (chloride, sulfate, nitrate) by 
using inductively coupled plasma optical emission spectrometer (ICP-OES) and chromatography(IC), respectively. 
Bicarbonate was measured by the diluted vitriol-ethylic titration method. Stable isotopic compositions (δ 18O and 
δD) were analyzed by mass spectrometer.  
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4. Results and Discussion 
4.1. Hydrochemistry 
The field parameters and analytical data of water samples are presented in Table 1. The pH content represented 
the levels of acidity and alkalinity of water body. It also helped us to determine simply the water quality 
characteristics because the pH value (pH <4.0) will bring to sour taste while higher value (pH > 8.5) creates alkaline 
taste. Those pH value of water could not be used for any purpose without treatment [12]. The average pH value of 
all river, canal and groundwater samples was 7.49, which was good and acceptable level in comparison with World 
Health Organization (WHO) drinking water standard [13]. The pH value of groundwater samples ranged from 7.0 to 
7.5, while that of surface water samples lay dominantly between 7.80 and 8.0 (Table1).  
Table 1: Chemical characteristics of the water in dry season at CLD Island with GW: Groundwater; RW: River water; CW: Canal water. 
(Dissolved ions, mg/l; D: piezometer depth in meters; DO: Dissolved Oxygen in mg/l; T: Temperature in 0C; TDS: Total Dissolved Solid (mg/l); 
Stable isotopes: δD and δO18 in ‰ VSMOW). 
ID D pH DO T EC TDS Na+ K+ Ca2+ Mg2+ CL- S042- HCO3- δ18O δD 
m mg/l 0C μS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ‰ ‰ 
GW1 90 7.15 2.10 29.40 609 334 53 12 29 33 10 29 305 -4.64 -35.25 
GW2 95 7.23 2.35 28.40 762 418 55 11 43 42 37 72 293 -5.06 -38.54 
GW3 125 7.03 3.18 30.50 612 335 44 8 42 37 9 55 293 -5.14 -37.73 
GW4 125 7.12 2.72 28.80 603 330 44 8 40 36 8 54 275 -5.17 -38.70 
GW5 90 7.07 2.80 28.20 646 354 49 8 42 36 9 63 287 -5.19 -39.47 
GW6 120 7.48 2.78 28.10 736 403 53 14 49 51 7 64 323 -5.36 -39.91 
GW7 114 7.03 1.52 28.80 722 396 54 10 52 45 9 71 317 -5.36 -39.72 
GW8 90 7.35 1.44 28.60 633 347 47 12 36 42 6 36 329 -5.19 -37.85 
GW9 87 7.21 2.35 28.10 693 380 53 9 61 39 35 48 293 -5.50 -39.59 
GW10 95 7.02 1.47 27.10 813 446 39 5 81 32 6 74 305 -6.58 -47.00 
GW11 115 7.19 1.63 27.90 556 305 60 8 25 21 13 26 244 -4.38 -33.67 
GW12 96 7.34 2.27 28.00 625 343 65 8 43 27 15 36 305 -5.07 -38.02 
GW13 95 7.32 1.99 28.90 597 327 58 9 38 31 26 22 299 -4.57 -36.13 
GW15 95 7.39 0.88 28.10 657 360 50 9 39 28 24 19 281 -5.06 -38.67 
GW16 80 7.36 1.66 31.20 575 315 53 8 39 27 10 23 342 -5.06 -38.05 
GW17 130 7.41 2.45 28.70 526 288 57 6 26 23 7 13 281 -4.79 -35.08 
GW18 95 7.34 2.43 28.50 593 325 52 9 36 37 6 30 305 -5.17 -37.60 
GW19 120 7.26 2.90 27.30 655 359 48 10 48 37 5 48 311 -5.10 -39.01 
GW20 95 7.31 1.21 28.50 539 295 62 9 32 23 22 19 268 -4.55 -35.01 
GW21 90 7.24 1.52 27.90 631 346 42 10 40 43 6 43 281 -5.28 -39.18 
GW22 96 7.37 2.18 28.90 565 310 59 8 30 23 18 18 281 -4.59 -35.52 
GW23 115 7.32 0.95 31.10 686 376 54 9 33 28 7 18 281 -5.06 -37.85 
RW 
1.1 - 7.95 6.65 29.10 4360 2390 681 43 43 94 1381 214 79 -6.55 -49.18 
RW 
1.2 - 8.02 5.09 29.20 5880 3223 998 63 44 121 1826 464 92 -6.27 -46.95 
RW 
1.3 - 7.99 5.73 29.10 10220 5603 1926 116 59 220 3874 1081 85 -5.66 -41.71 
RW 
1.4 - 7.99 5.41 28.00 17250 9460 43 2 18 1 204 255 85 -4.81 -37.07 
RW 
1.5 - 8.04 5.47 27.40 24300 13329 4877 255 174 626 9355 1678 98 -3.75 -27.45 
CW1.1 - 7.82 5.97 29.30 6710 3678 1156 55 52 145 2126 498 79 -6.20 -46.60 
CW1.2 - 7.42 4.46 30.10 10660 5844 1927 88 66 227 3534 1085 73 -5.20 -39.26 
CW1.3 - 7.79 6.60 28.40 21200 11627 4412 204 158 567 8199 1641 92 -3.81 -27.10 
RW 
2.1 - 7.83 5.62 28.70 4610 2527 774 38 47 105 1478 214 92 -6.42 -47.17 
RW 
2.2 - 7.96 4.86 28.40 5660 3102 1013 44 46 123 1881 469 79 -6.35 -47.10 
RW 
2.3 - 8.02 5.48 28.30 17810 9767 276 13 9 34 509 121 85 -4.81 -34.77 
CW1 - 7.94 29.70 29.70 2170 1189 326 18 31 46 605 96 67 -6.87 -51.74 
CW2 - 7.36 3.64 27.60 15130 8296 3001 133 133 400 5668 830 104 -4.29 -32.60 
CW3 - 7.74 5.15 28.70 16780 9202 3388 145 118 424 6087 1350 104 -4.53 -33.41 
CW4 - 7.83 4.20 28.40 11160 6118 2082 93 87 271 3869 675 92 -5.47 -40.17 
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Electrical Conductivity (EC) revealed the capacity of water to transmit electricity; it is an important parameter to 
assess the total concentration of soluble salts in water body. It was used to measure the content of salinity that 
hazards crops since it reflects the TDS in groundwater [14]. As shown in the Table 1, the EC and TDS values of 
groundwater ranged from 526 (μS/cm) to 813 μS/cm and 288 to 426 mg/l, with an average EC and TDS values were 
638 μS/cm and 350 mg/l, respectively. Higher EC values of groundwater were generally observed in the southeast 
parts of CLD Island which was close to the East Sea. In contrast, the EC and TDS levels of river and canal water 
samples were extremely high, ranging from 2170 to 24300 (μS/cm) and 1189 to 13329 mg/l, respectively. The wide 
variation of TDS of groundwater showed that the water-rock interaction at sampling locations along Hau River to 
the East Sea was in progress. On the other hand, the high EC and TDS values of surface water (river and canal 
water) samples might be caused by seawater intrusion and tidal effects. During the periods of high tidal levels, the 
seawater intruded largely into river system far from shoreline around 30km [15], whilst high water flow from 
upstream of Mekong River basin put seawater back to the East Sea at the period of low tides. As a result, the 
concentration of chloride in surface water in CLD was in wide variation, following the tidal regime and river water 
levels fluctuation, whereas the EC values of groundwater seemed to be stable. This indicated that groundwater and 
river/canal might not interact directly. Additionally, the trilinear diagram of water samples (Fig. 2) clearly showed 
the distinction of surface water and groundwater quality. In comparison with the Food and Agriculture Organization 
of the United Nations (FAO) on water quality standards [16], almost all of surface water samples are characterized 
by types of saline water due to seawater intrusion, while the groundwater is characterized by fresh water with Ca-
HCO3 types and can be used for drinking purposes.  
 
 
 
Fig. 2 Trilinear diagram of water samples at CLD Island.  
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Fig. 3 Spatial distribution of the chemical compositions of: (a) River and canal water samples; (b) Groundwater samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Profile distribution of Hexa diagram and δO18 following depth of tube-wells at cross section B-B' 
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The spatial distribution of ions concentration in groundwater and river/canal water during dry season is shown in 
the Fig.3. River and canal water samples along Hau River largely show variation of chloride values as a result of 
mixing with seawater in different time sampling. Two water samples (CW1.3, RW 1.5) located close to the coast 
have very high chloride concentration compared with remaining samples. This fact explained that surface water in 
coastal areas is frequently affected by tidal regime and fluctuation of river water level. All groundwater samples in 
qh23 aquifer at CLD Island relatively showed the similarity of ion compositions and low chloride concentration. 
This result illustrates that tide is one of the most important factors affecting on surface water quality, while it does 
not influence on groundwater.  
Fig.4 presents hexa diagram and stable isotopes (δ18O) values of surface water and groundwater samples 
following depth of tube-wells at cross section B-B'. According to Fig.4, stable isotopes values and ion compositions 
of surface water samples were changed widely, while that of groundwater samples were homogeneous. In addition 
to this, the hydro-geological characteristic following cross section B-B’(Fig. 4) that displayed impermeable layer 
between surface water and groundwater at qh23 aquifer was very thick of approximately 50m with mainly clay soil 
that might prevent surface water recharging into groundwater. The results of hydro-geochemistry did not show clear 
relationship between surface water and groundwater at qh23 aquifer. Therefore, the interconnection between surface 
water and groundwater was not obvious and might not occur in CLD Island. This hypothesis will be tested by 
combining stable isotopes signal and hydro-geochemical result.  
4.2. Stable Isotopes Composition 
Using isotopic techniques in studying water resources in Mekong Delta remains limited, particularly in coastal 
areas. The earliest study on the distribution of stable isotopes δ 18O and δD in Mekong Delta, Vietnam was done by 
Ho et al. 1991[17], who stated that shallow groundwater (groundwater at qh and qh3 aquifer) in the Mekong Delta 
was directly recharged by surface water (river and canal water) and local rainfall. Meanwhile, deep groundwater was 
isolated each other and was recharged by water from different altitudes. Additionally, Ho et al. also indentified that 
the shallow groundwater along some parts of coastal areas of Tra Vinh and Soc Trang provinces has been intruded 
by seawater. Another study on stable isotopes in Mekong Delta was conducted by Nguyen et al.(2006) [18], 
indicating that stable isotopes δ 18O and δD  of river water in Mekong Delta varied seasonally as well as being 
affected by local rainfall and river water levels. This study focused on isotopic compositions of the river, canal and 
groundwater at qh23 aquifer during the dry season in 2013 in CLD Island as shown in Fig.1. The spatial distribution 
of stable isotopes of surface water and groundwater in the dry season at CLD Island was performed in Fig.5. It can 
be seen that the δ18O values of river/canal and groundwater differed widely under the effects of complicated factors, 
such as river water levels, tidal regime, and geological characteristics. The δ18O and δD values of groundwater 
ranged around the median of -5.17‰ and -38.60‰, respectively, and the high δO18 values were observed at the 
location of GW1, GW10, GW11, GW13, GW17 and GW20. Whilst, isotopes values of river/canal water varied 
around the median of -5.28‰ and -39.29‰, with high δ18O values at Southeastern part of CLD Island. According to 
Fig.6, the stable isotopes, δD and δO18 of surface water (river and canal water) and groundwater samples were 
distributed under the Bangkok meteoric water line (Bangkok MWL) that is often used as local meteoric water line in 
Mekong delta. The stable isotopes δ 18O and δD values of river and canal water (Fig. 6) were more various compared 
to the groundwater samples. Particularly, the isotopic values (δ 18O and δD) of two samples (CW 1.3 and RW1.5) 
that were close to the East Sea were more enriched in dry season, spelling the effect of tidal seawater intrusion. The 
lowest δ 18O and δD values of river/canal water samples (RW1.1, RW 1.2. RW2.1, RW 2.2 and CW1.1) were 
observed at the Northern parts of CLD Island, having low effects of seawater intrusion. The δ 18O/ δD values of 
CW3, RW 2.3 and CW1.2 were relatively similar to that of groundwater samples; however, these surface water 
samples had high salinity (Cl- >3000 mg/l) compared with that of groundwater (Cl- <20 mg/l). This result might be 
explained by effects of evaporation and seawater intrusion on these surface water samples rather than interaction 
with groundwater. Moreover, the relationships between stable isotopes δ 18O and δD and salinity (Cl- and TDS) 
(Fig.7) demonstrated that surface water and groundwater had no relationship. The results of hydro-geochemistry, 
stable isotopes, hydro-geological characteristics revealed that surface water and groundwater might not interact in 
CLD Island and the direct recharge area into qh23 aquifer might be outside of this area. This fact explained why 
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groundwater remained in good quality and was the only fresh water source for drinking at CLD Island, while surface 
water could not be used for that due to seawater intrusion. 
 
 
 
 
Fig. 5 Distribution of stable isotopes δO18of Groundwater (GW), River water (RW)  
and Canal water (CW) in CLD Island 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6  δD versus δO18  values of river, canal water and groundwater samples compared with the 
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Fig. 7 (a) Variations of  δO18 values and versus Cl-; b) Variations of  δD values and versus Cl-;  
c) Variations of  δO18 values and versus TDS and  (d) Variations of  δD values and versus TDS. 
5. Conclusion 
The results of hydrochemistry and stable isotopes in dry season in 2013 at CLD Island showed that characteristics 
of surface water were affected by complicated factors, including tidal regime, saline intrusion and water flow from 
the upstream of Mekong River Basin, while groundwater might not be influenced by those factors. The quality of 
surface water in the coastal watershed of CLD Island was characterized by Na-Cl type, varied widely between slight 
saline and very high saline water, depending on the relationship between up stream’s water flow and tidal regime. 
Surface water could not be used for drinking purposes due to seawater intrusion in almost of the seasons of the year. 
Meanwhile, groundwater at qh23 aquifer was characterized by fresh water with Ca-HCO3 type, spatially invariant 
and low Chlorine concentration not to be affected by seawater intrusion. In CLD Island, currently, groundwater at 
qh23 aquifer was perfectly good choice for drinking.  
One of the most important results that should be noted was that, currently, the interaction of surface water (river/ 
canal water and seawater) and groundwater at qh23 aquifer might not occur in CLD Island and the recharge areas 
might be located outside this area. This result interpreted the reason why groundwater at this aquifer remained in 
good quality and a preferable fresh source for households or industrial demands, whereas river/canal water was 
seriously intruded by seawater and could not be used for those purposes. However, Ho et al.(1991) demonstrated 
that groundwater at qh and qh3 aquifers (Fig. 5) were directly recharged by surface and local precipitation, while at 
present, surface water was seriously intruded by seawater. This situation coupled with increasingly pumping 
practices due to rapid economic development that could be a threat to sustainable groundwater use because 
groundwater among aquifers and surface water might interact. Thus, in order to exploit, use and manage the 
groundwater resource in coastal areas sustainably, further investigation on water resources in large scale of Mekong 
delta is needed and integrated water resources management practices should be considered. Further investigation 
should be conducted following the tidal regime and seasons in order to: (i) examine interaction of groundwater 
between shallow aquifer and deep aquifer as well as these aquifers with surface water; (ii) assess the effects of 
pumping activities on groundwater flow system; (iii) identify impacts of climate change and sea level rise on 
groundwater source in coastal aquifers.  
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